Helcococcus kunzii was isolated from a brain abscess in a diabetic patient with cholesteatoma and demonstrated satellitism around Staphylococcus aureus in culture. This is the first reported case of severe central nervous system infection due to H. kunzii and the first description of a satelliting phenotypic variant of this organism.
/ liter). Liver and renal function test results were unremarkable.
Contrast-enhanced computed tomography scans of the head showed a right-sided cholesteatoma with abscess formation in the mastoid cavity. There was no definite evidence of intracranial extension. Excision of the cholesteatoma and mastoidectomy were performed. Histology showed the presence of keratinized squamous metaplasia consistent with the preoperative diagnosis of cholesteatoma. Cultures of pus swabs obtained from the mastoid abscess were negative for bacterial and fungal growth.
In view of the severe clinical infection with systemic upset, the head and neck surgeons in charge started the patient on intravenous ceftriaxone at 2 g every 12 h and intravenous metronidazole at 500 mg every 8 h for broad-spectrum coverage of Gram-negative pathogens, methicillin-sensitive Staphylococcus aureus, and anaerobes. Antipseudomonal coverage was to be added if the patient's condition did not improve. After 2 weeks of intravenous antibiotics, he showed clinical improvement and was switched to oral amoxicillin-clavulanate at 1 g twice daily. However, he developed generalized tonic-clonic convulsions and a high fever 3 weeks after the operation. Reassessment by computed tomography scans of the brain with contrast enhancement showed a right temporal brain abscess (Fig. 1) . The abscess was drained surgically. Intravenous ceftriaxone at 2 g every 12 h and intravenous metronidazole at 500 mg every 8 h were restarted. In addition, intravenous vancomycin at 500 mg every 12 h (dose adjusted for estimated creatinine clearance) was commenced in view of breakthrough abscess formation despite previous broad-spectrum beta-lactam antibiotic use. Empirical local amikacin instillation was used to irrigate the abscess cavity through the abscess drain as described in the literature (1, 2) . The patient's neurological status improved with no further seizure episodes. In view of the clinical improvement and the results of in vitro antimicrobial susceptibility testing of the bacterial isolate obtained from the brain abscess drainage at the second operation, he was kept on a regimen of ceftriaxone, vancomycin, and metronidazole. Local amikacin instillation through the abscess drain was discontinued. Subsequent computed tomography scans of the brain showed that the abscess had reduced in size. Three sets of blood cultures were negative after 5 days of incubation. The patient received a total of 12 weeks of antibiotic therapy postoperatively with complete resolution of abnormal biochemical parameters and radiological evidence of residual collections.
Microbiology. The Gram stain of the pus obtained from the brain abscess at the second operation showed Gram-positive cocci in chains and abundant polymorphs. The pus was inoculated into 5% horse blood agar, chocolate agar, and MacConkey agar under aerobic and anaerobic conditions, as well as hemin-vitamin Ksupplemented blood agar under anaerobic conditions. The pus was also inoculated into aerobic and anaerobic blood culture broth (Bactec Plus Aerobic/F, Bactec Lytic/Anaerobic/F; Becton Dickinson) and incubated in the Bactec blood culture system (Becton Dickinson) to enhance the growth of fastidious organisms. The anaerobic blood culture broth turned positive after 20 h, but direct subculture of the broth to horse blood agar and chocolate agar under aerobic conditions and hemin-vitamin K-supplemented agar under anaerobic conditions showed no growth. In view of the possibility of nutritionally variant streptococci, the blood culture broth was also inoculated onto a horse blood agar plate streaked with a reference strain of S. aureus (ATCC 25923). Pinpoint, nonhemolytic colonies of Gram-positive bacteria demonstrating satellitism were observed the next day after incubation at 37°C in both room air and 5% CO 2 (Fig. 2) . The organism was catalase negative. Primary plates without S. aureus streaks remained negative for bacterial growth despite prolonged incubation under aerobic and anaerobic conditions. No other organisms were isolated. On subsequent subculture, the organism was able to grow on horse blood agar plates without S. aureus streaks. Older colonies (Ͼ72 h) were observed to be umbilicated with alphahemolysis on horse blood agar. The satelliting phenotype prompted an initial identification of Abiotropha defectiva/Granulicatella species, which are nutritionally variant species of Grampositive cocci known for fastidious pyridoxal-dependent growth. However, using the Vitek 2 system (bioMérieux), an identity of Helcococcus kunzii was obtained with 99% probability. By matrixassisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS; Vitek MS [bioMérieux]), the isolate was also identified as H. kunzii at a confidence level of 99.9%.
16S rRNA gene sequencing. Bacterial DNA extraction, PCR amplification, and 16S rRNA gene sequencing were performed as described in our previous publications for other Gram-positive cocci (3, 4, 5, 6, 7, 8, 9, 10) , with universal primers 1F (5=-AGTT TGATCMTGGCTCAG) and 2R (5=-GGACTACHAGGGTATCT AAT) as the PCR and sequencing primers. The sequences of the PCR products were compared with the sequences of closely related species in the GenBank database by multiple-sequence alignment with ClustalW (11). Phylogenetic relationships were determined by the neighbor-joining method. Sequencing of the 16S rRNA gene of the isolate showed that there was 1 (0.15%) base difference between the 16S rRNA gene sequence of the isolate and that of H. kunzii (GenBank accession no. DQ082899.1), 39 (5.69%) base differences between the 16S rRNA gene sequence of the isolate and that of Helcococcus ovis (GenBank accession no. AB542080.1), and 55 (7.99%) base differences between the 16S rRNA gene sequence of the isolate and that of Helcococcus sueciensis (GenBank accession no. NR025606.1), confirming that the isolate was H. kunzii (Fig. 3) .
Antimicrobial susceptibility testing. Susceptibility to penicillin, ceftriaxone, and vancomycin was determined by the Etest assay (bioMérieux, Marcy l'Etoile, France) on blood Mueller-Hinton agar, and the results were expressed as susceptible, intermediate, or resistant according to the CLSI criteria for Grampositive cocci (12) . The MICs of penicillin, ceftriaxone, and vancomycin were 0.003 g/ml (susceptible), 0.016 g/ml (susceptible), and 0.25 g/ml (susceptible), respectively. Disk diffusion testing on blood Mueller-Hinton agar was performed for amikacin and gentamicin with no discernible zone of inhibition, suggesting that the organism had reduced susceptibility to these aminoglycosides. This was confirmed by using the Etest (bioMérieux, France) method on blood Mueller-Hinton agar, which showed amikacin and gentamicin MICs of Ͼ256 and 32 g/ml, respectively. Discussion. First described in 1993, H. kunzii is a catalasenegative Gram-positive coccus that has been recognized as a skin commensal, especially of the lower extremities (13, 14) . It has been isolated from chronic venous ulcers, but its presence did not appear to be correlated with a poor healing outcome (15) . Therefore, the significance of the isolation of this organism from clinical specimens is often uncertain, especially in cases where mixed cultures are obtained (16) . However, the role of H. kunzii as an occasional monomicrobial opportunistic pathogen in immunocompetent patients has been firmly established in skin and soft tissue infections, including foot abscesses (17) , breast abscesses (18) , infected sebaceous cysts (19) , and pacemaker pocket infections (20) . Similar to other skin flora, H. kunzii has been implicated in chronic osteomyelitis and prosthetic joint infections (16, 21) . Invasive and life-threatening infections due to H. kunzii are rarely reported. We have previously described two such cases in intravenous drug users where the organism resulted in bacteremia and empyema thoracis, respectively (22) . One of the isolates demonstrated ermA gene-mediated erythromycin and clindamycin resistance. Our case is the first description of a monomicrobial brain abscess due to H. kunzii and further illustrates the pathogenic potential of this organism. The diabetic patient, with an extensive cholesteatoma and mastoiditis, was particularly vulnerable to invasive central nervous system abscess formation by colonizing skin flora. Following the initial cholesteatoma excision, there was breakthrough progression of infection by this susceptible organism while the patient was on ceftriaxone, an agent to which the isolate demonstrated in vitro susceptibility. This was likely due to poor penetration of the sizable abscess cavity by antibiotics. Thor- ough surgical drainage and prolonged administration of effective antibiotics ensured a good clinical outcome for this patient.
A number of interesting laboratory findings were illustrated in our case. First, the isolate demonstrated fastidious growth requirements and satellitism initially. Such a phenotype has never been described among isolates of H. kunzii in the literature before. However, a related species, H. ovis, is known to exhibit satellitism around S. aureus, as well as pyridoxal dependence, in a manner similar to that of so-called nutritionally variant streptococci (23) . This phenomenon is lost when H. ovis is subcultured. H. ovis is an infrequent cause of pneumonia, lung abscesses, and infective endocarditis among ruminants (23, 24, 25) but has never been reported to cause human disease. Thus, satellitism and pyridoxal dependence may be phenomena that are demonstrated by organisms of the Helcococcus genus in nutritionally abundant environmental milieus such as areas of necrosis with extensive tissue destruction, as in this patient with an erosive cholesteatoma. Nutritionally deficient bacteria are significant pathogens that are often difficult to grow and identify in the clinical microbiology laboratory. Pyridoxal-dependent organisms such as Abiotropha defectiva and Granulicatella species are well-known examples of auxotrophism (26) . Commonly encountered pathogens may also demonstrate growth factor dependence, resulting in unusual phenotypes; examples include S. aureus (small-colony variants with hemin and menadione dependence) (27) and Escherichia coli (cysteine dependence) (28) . This illustrates the importance of having a high clinical suspicion of auxotrophic organisms, especially when organisms identified on Gram staining fail to grow on routine agar media within 24 h of inoculation. Inoculation of specimens from sterile sites into blood culture broth and S. aureus streak plates in selected circumstances may be useful. As this practice is not routine in many microbiology laboratories, we speculate that some infections due to fastidious isolates of H. kunzii may be missed, which underestimates the true incidence of disease caused by this skin commensal. Second, the API system (API20 STREP; bioMérieux) frequently yields a numerical profile that corresponds to a doubtful identification of Aerococcus viridans in the API database. The Vitek 2 system (bioMérieux) used in this case yielded an unambiguous identification of H. kunzii. 16S rRNA gene sequencing and MALDI-TOF are important in the identification of fastidious organisms with misleading phenotypes. Formal evaluations of the performance of MALDI-TOF with nonstreptococcal, nonenterococcal, catalase-negative, Gram-positive cocci are still forthcoming. However, expanding databases improve the ability of this technique to identify such infrequently encountered organisms rapidly and with reasonable confidence.
The isolate in our case demonstrated resistance to the aminoglycosides amikacin and gentamicin. To the best of our knowledge, this is the first documented case of resistance to aminoglycosides in a member of the Helcococcus genus. We postulate that such resistance may be due to the expression of aminoglycosidemodifying enzymes by this organism. Further study is required to determine the prevalence of such resistance among clinical isolates of H. kunzii.
In summary, our case shows that H. kunzii, a skin colonizer, is able to cause severe central nervous system infection and may exhibit fastidious growth, rendering diagnosis difficult. A battery of phenotypic kits, molecular techniques, and MS remains the optimal approach to the identification of H. kunzii in the clinical laboratory, especially in cases where an unusual phenotype is encountered.
Nucleotide sequence accession number. The 16S rRNA gene sequence of the isolate described here has been deposited in the GenBank sequence database under accession number KF663569.
